This paper presents the extraction and analysis of linear alkylbenzenesulfonates (LAS) from whole blood using solid-phase extraction (SPE) together with high-performance liquid chromatography (HPLC). The sample was buffered with extraction solution and purified with Bakerbond CIR SPE columns. The columns were washed, dried, and eluted with experimental optimized solvent systems. HPLC was performed using a Wakopak | WS AS-Aqua column (4.6 x 250-ram) and monitored at 228 nm using a UV detector. A mobile phase consisting of acetonitrile/water (60:40, v/v) and containing 1.2% (w/v) of sodium perchlorate was employed. Good separation was achieved for the five homologues of LAS (C10~C14) eluted at 6.85 and 13.79 rain. The linearity range for this analysis was found to be from 10.0 to 100.0 ng/g and the limit of detection was 4.0-5.0 ng/g in blood for each homologue. The recovery of each homologue in blood ranged from 76 to 107%. The LAS in commercial detergents could be extracted and the homologues of C10~C13 were detected. Blood samples of rats, which were administered a commercial detergent orally, were determined by the present method, and C14 was used as an internal standard. The method was simple and reliable for the determination of LAS in blood samples and could be expected to apply to the forensic and clinical specimens.
Introduction
Linear alkyibenzenesulfonates (LAS) are anionic surfactants with molecules characterized by a hydrophobic and a hydrophilic (polar) group (Figure 1 ). They are nonvolatile compounds produced by sulfonation of linear alkylbenzene and used widely as active ingredients in household and personal care products and in specialized applications. Commercial products are always mixtures of homologues of different alkyl chain lengths (C10~C13 or C14 ) and isomers differing in the phenyl ring positions.
Many cases of poisoning have occurred in Japan recently and are involved in household products because they are easily accessible (1). Accidental ingestion by children or the elderly and suicidal ingestion of detergents occasionally occurred (2--4) . Although LAS, the main component of detergents, is associated with many environmental problems, its relative lack of acute toxicity has not drawn much serious attention from forensic toxicologists. When investigating the cases of detergent poisoning, detection and identification of surfactants are of great significance. A procedure for extracting LAS from biological samples and determining the concentration in blood is thus required in the forensic field to signify the effects of LAS in the body, even though the specific physicochemical properties of surfactants make the determination an intricate task.
A lot of determination methods have been developed for the identification and quantification of LAS in various environmental samples. Colorimetric methods (5, 6 ) based on ion-pair extraction with methylene blue have been routinely used to measure the amount of total anionic surfactants in aqueous samples. However, these methods are not specific for LAS and ~ CnH2n + 1 SO3"Na + n = 10 ~ 13 or 14 are not able to identify individual homologues. Recently, for the specific characterization and quantitation of individual homologues, analytical methods based on gas chromatography (GC) and liquid chromatography (LC) have been reported. GC has very high efficiencies for the analysis of individual components of LAS homologues. Particularly, GC combined with mass spectrometric (MS) detection provides low detection limits at the parts-per-trillion level and allows the identification of LAS homologues in real samples such as sediments, river water, and seawater (7) (8) (9) . However, some derivatization steps to convert LAS into a volatile compound are necessary for GC procedures because LAS is not volatile enough to permit direct measurement by GC. LC has widely been used for the determination of LAS in various environmental samples without any derivatization utilizing UV (10, 11) , fluorescence (FL) (12) , and MS (13) (14) (15) In this laboratory, great endeavors have been made for the determination of disinfectants or surfactants in biological samples and the evaluation of toxicological characteristics of these compounds for a forensic purpose. A sensitive high-performance liquid chromatographic (HPLC) method to determine benzalkonium chloride, a cationic surfactant used as a disinfectant, in blood and tissue samples was previously reported (17) . The kinetic characteristics and toxic effects of benzalkonium chloride following various routes of administration in rats were also investigated (18) . The aim of this study was to develop a sensitive and simple method for the assay of LAS, anionic surfactants used widely in household products, in blood using the HPLC method. The blood sample was purified, and LAS was extracted with a solid-phase extraction (SPE) method. Rat samples, which were administered a commercial product of LAS orally, were examined using the present method.
Experimental

Reagents and materials
LAS standard solutions were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan), which consisted of five separated methanol solutions corresponding to five LAS homologues, each containing 1.0 mg/mL [sodium decylbenzenesulfonate (C10), sodium undecylbenzenesulfonate (Cll), sodium dodecylbenzenesulfonate (C12), sodium tridecylbenzenesulfonate (C13), and sodium tetradecylbenzenesulfonate (C14)]. Various kinds of detergents and personal care products were purchased from local supermarkets. The
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Journal of Analytical Toxicology, Vol. 31, January/February 2007 reagents for the mobile phase were of HPLC grade and all other reagents were of analytical grade. An SPE cartridge (Bakerbond SPE Octadecyl C18, 3 mL, 500 rag) was purchased from J.T. Baker (Phillipsburg, N J).
The standard solutions (1.0 mg/mL in methanol) were used as stock solutions. A working solution of each homologue of LAS (0.1 mg/mL) was prepared in methanol by dilution of the stock solution in a 10-mL volumetric flask. This solution was stored in a refrigerator at 4~ and was stable at least a half year.
Instrumentation
SPE was carried out using a 12-position Sep-Pak | Waters vacuum manifold supplied by Millipore (Billerica, MA). HPLC was performed on a Shimadzu (Kyoto, Japan) SCL-10 system comprised of a SCL-10Avp system controller, LC-10ADvp pump, LC-10AD pump, SIL-10ADvp auto injector, and CTO-2A column thermostat. UV signals were monitored by a Waters (Milford, MA) 2487 detector and recorded by a Hitachi (Tokyo, Japan) D-7500 integrator. Separation was carried out on a Wakopak | WS AS-Aqua column (4.6 x 250 ram) supplied by Wako Pure Chemical Industries, Ltd. (Osaka, Japan). The mobile phase was operated isocratically using a mixture of acetonitrile/water (60:40) containing 12.3 g/L sodium perchlorate. A flow rate of 0.8 mL/min was maintained throughout the analysis. An injection volume of 10 IJL was used. The temperature of the column was maintained at 40~ The detector was set to record at 228 nm.
Blood and tissue samples
A total of 12 male Sprague-Dawley rats (BW 350-400 g) were used for this study. The experimental protocols were approved by the Shimane University Faculty of Medicine Animal Experimental Committee. Eight rats were decapitated under anesthesia (fentanyl and droperidol) and blank blood was collected for the development of assay. To elucidate the concentrations of LAS in blood, four rats were administered a commercial laundry detergent orally at the dose of 5 mL/kg (approximately 2 mL/rat, 700 mg/kg in LAS). This dose was based on the lower level of LD50 (404-1470 mg/kg in rat orally) reported (19) . The blood samples were collected at 2 h after dose. All the samples were stored at -20~ until analysis.
Extraction procedure for biological samples
SPE conditioning. The Bakerbond SPE columns were conditioned with 1 x 3 mL methanol, followed by 1 x 3 mL of distilled water. These were allowed to flow through the column under gravity. The height of the aqueous liquid was halted just above the column bed to prevent drying out of the columns.
Sample pre-treatment. Rat whole blood (0.2-0.8 g) diluted with 9-12 mL of extraction solution (0.5M sodium chloride and 0.5M potassium dihydrogenphosphate, adjust pH to 1.5 with phosphoric acid) was used to prevent LAS from ionization so as to retain on the C18 column. The sample solution was homogenized with a sonicator (Waken GE 100 Ultrasonic Processor, Japan), the homogenate was spiked by 10 IJL of internal standard (IS) solution (C14:0.1 mg/mL), and then centrifuged at 18,000 rpm for 60 min at 4~ In the case of commercial product samples, 10 mg of a commercial product was dissolved in 6-9 mL of distilled water and filtered through a 0.45-1am syringe filter (Millex| Twenty microliters of the filtrate was then added by 6 mL of the extraction solution. When the level was quantified over the range of the calibration curve, the sample was again diluted with extraction solution to an appropriate concentration.
Washing. The supernatant liquids or the sample liquids of commercial products were loaded onto the conditioned sorbent and allowed to pass through with the aid of gravity. After the samples had percolated through the columns, the sorbent was washed with 3 x 3 mL distilled water, followed by 2 x 3 mL of 2% (v/v) acetic acid in methanol/water (1:1, v/v). The columns were dried under a full vacuum for 5 rain. (if this is not done, the recovery will be very low at approximately 20%). The columns were further washed with 2 x 3 mL ethyl acetate and were dried for 5 rain under a full vacuum.
Elution. LAS were eluted from the columns using 1 x 3 mL of methanol containing 2% (v/v) ammonia water (25%). The eluants were collected in a clean glass test tube at a rate of approximately 1 mL/min. The eluants were dried under a stream of nitrogen in a ventilator at room temperature. The residue was reconstituted in the mobile phase (200 IlL) and filtered through a 0.2-1am syringe filter (Millex-GN). The 10 IlL was injected into the HPLC. The retention time of each homologue of LAS was 6.85 min for Cio , 7.92 min for Cu, 9.34 rain for C12, 11.23 min for C13, and 13.79 min for C14, respectively.
Results
Chromatography
In the preliminary experiment, both FL and UV detection were employed. When the sample was not a biological sample, the chromatograms were almost the same with UV or FL detection. However, more small peaks were detected in the blood using the FL detection over the UV detection. The ratio of acetonitrile to water was adjusted so that the first homologue (C10) could be eluted at approximately 7 min, and each homologue could be baseline separated with one analysis being finished in 20 min. Figure 2 shows the chromatograms of LAS standards ( Figure  2A ), extracts obtained from the blank rat blood ( Figure 2B) , and rat blood spiked with LAS standard solutions ( Figure 2C 
Extraction
Different matrices of SPE were studied for the extraction of LAS from blood. The eluant from polymer sorbent had a dark brown color, which meant some endogenous components of blood were co-eluted. LAS could be retained on the anion exchange sorbent; however, the recovery in blood was found to be low. When blood was diluted by distilled water, the LAS could not be retained on the C18 column because of its ionization. To avoid ionization and increase the retention capacity of LAS on the C18 column, samples were fortified with an extraction solution (0.5M sodium chloride and 0.5M potassium dihydrogenphosphate, adjust pH to 1.5 with phosphoric acid). To optimize the conditions of extraction, an acidic washing solvent with 2% acetic acid in methanol/water and a basic elution with 2% ammonia water in methanol/water were studied (Table I ). In the washing step, the content of methanol could be up to 50% without the analyte eluted. In the elution step, 100% methanol containing 2% ammoniawater was selected as an elution solvent because of its easy evaporation.
The recoveries of each homologue and total LAS in blood ranged from 79 to 107% calculated when the standard spiked in water was 100% (Table II) . Five concentrations at the level of 10.0, 25.0, 50.0, 75.0, and 100.0 ng/g, with duplicate tests for each homologue, were determined. The recoveries showed an increase with the chain length reduced. However, the total amount of LAS had a good recovery, and the recoveries 
100
+ corresponding to the five concentrations for each homologue did not differ greatly. The linearity of each homologue was determined by plotting the corresponding peak area on rat blood spiked with the standard solution (Figure 3 ). Good linearity was obtained at the concentration range of 10.0-100.0 ng/g for each homologue in blood. The detection limit was determined empirically by running a series of standard samples extracted from spiked blank blood samples. The lowest level at which the homologue Concentration (ng/g) Figure 3 , A linear relationship for each homologue of LAS in blood. The peak area was plotted at the concentration (ng/g) of rat blood spiked with the standard as y-and x-axis, independently.
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Commercial products
Thirty-three commercial products purchased from local supermarkets were determined by this method. These products, made by nine companies, included dishwashing detergent, laundry detergent, hand soap, shampoo and conditioner, bathroom cleaner, deodorant, kitchen cleanser, etc. Nine out of 33 products were detected to contain LAS, in which seven products labeled it in the ingredient instructions and two products did not. The products containing LAS included dishwashing detergent, laundry detergent, bathroom cleaner, or kitchen cleanser. In the other 24 products where no LAS homologues were detected, LAS was not listed in the ingredient instructions. The amount of LAS contained in detergents was determined (Table III) . The results showed that commercial products contained the homologue of C10, Cn, C12, and C]3, and no C]4 was detected. The percentage of total LAS in detergents ranged from 1 to 17%, whereas in the instructions of these products, the labeled percentage of total surfactants including LAS and other components ranged from Retention time (min) Figure 4 , Chromatograms of a commercial detergent product extract of the detergent (A) and extract of rat blood sample (B). The rat was given the detergent orally at the dose of 5 mL/kg (equivalent to approximately 700 mg/kg in total LAS) and the blood was collected at 2 h after administration. The standard C14 was used as an IS. The amount of IS added was 50 ng as on the column. 5 to 52%. It seems that different companies had their different formulations in various types of products. The proportion of each homologue to total LAS in each commercial product was 6-13% for Clo, 32-38% for Cll , 35-42% for C12 , and 15-21% for C13. The other surfactants and other ingredients in the products were not detected so as not to disturb the determination by the present method ( Figure 4A ).
Determination of LAS in blood samples
Because C14 was not detected in commercial products, it was thought to be a suitable candidate used as an IS for the practical determination. The calibration curve was obtained by plotting the peak-area ratio of each homologue (C10~C13) to C14 (IS) on rat blood spiked with the standard solution (Table IV) . A linear relationship was also obtained for each homologue in the concentration range of 10.0-100.0 ng/g. The recoveries in blood were ranged from 103 to 106%. The precision for intraand interday assays was determined at the concentrations of 15.0 and 75.0 ng/g for each homologue in blood samples. The coefficients of variation for intra-and interday precision were less than 8% (n = 5) and 13% (n = 4), respectively ( Table V) .
As a confirmation of this method, four rats were administered a commercial detergent liquid (Product B in Table III ) at a dose of 5 mL/kg (approximately 700 mg/kg in LAS), and the blood samples were subjected to LAS analysis. The typical chromatogram obtained from rat blood samples was shown in Figure 4B . LAS homologues were detected properly in the blood samples at 2 h after dosing, although the concentrations were calculated to be very low (Table VI) . One rat died of respiratory irritation at I h after administration and the blood concentration of total LAS was 185 ng/g. The other three rats had LAS concentrations of blood at the level of 48, 74, and 110 ng/g, respectively, at 2 h after administration.
Discussion
LA8 is used as an active ingredient in household and personal care products. The worldwide use of LAS was about 2.8 million tons in 1998 (20) . Thousands of detergents are commercially available in the supermarkets in Japan. These products are daily necessities for Japanese families, and accidental ingestion by the elderly or young children seems to have occurred more frequently than previously reported (1-4) . The annual report of poisoning in 2005 from The Japan Poison Information Center (JPIC) showed that household products were the highest poison hazards and the percentage of total causative materials was as high as 64% (1). Although ecotoxicological investigations are well established and a lot of analytical methods for the determination of LAS in various environmental samples have been developed (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) , the toxic effects of LAS when internally administered are generally not recognized enough. The main clinical signs observed in animal experiments after oral administration of doses near or greater than the LDs0 (404-1470 mg/kg in rat orally) consisted of reduced voluntary activity, piloerection, diarrhea, and weakness. Transient cardiac arrest, dyspnoea, cyanosis, respiratory collapse, and death occurred during intravenous injection (19) . A 71-year-old man, who ingested 150 mL of shampoo containing anionic surfactants and died 86 h after ingestion, showed a significant decrease in the volume of circulation plasma (4) . The determination of LAS in blood samples has not been reported to our knowledge. The establishment of a simple and sensitive assay to determine the LAS in blood samples was the purpose of this study.
In previous publications (9, 13, 15) , SPE techniques were employed for the preconcentration and separation of LAS from various environmental water samples. The extraction of LAS from whole blood, however, was not satisfied through water washing and methanol/acetonitrile elution because of the complex composition of biological samples. The retention capacity of LAS on the SPE column was facilitated by utilizing the extraction solution. The conditions of the washing and elution steps were optimized to yield a high extraction of LAS in the whole blood.
As commercial LAS are a mixture of homologues and phenyl-positional isomers, their properties and toxicities may differ. The average alkyl carbon length used for detergents is 11.8 (19) and the optimal action as a detergent reaches generally when the alkyl chain length is about C12. The determination results to several commercial detergents showed that the homologues Cl1 and C12 were the main components, and C13 and C10 were the minor. Cu was not contained in commercial products, which made it an ideal candidate for an IS. The determination of LAS in rat blood samples by adding * A commercial detergent was given to rats orally at the dose of 5 mL/kg (equivalent to approximately 700 mg/kg in total LAS). Blood samples were collected at 2 h after administration by heart puncture under anesthesia. * The rat died at 1 h after administration and a blood sample was collected immediately after death.
C14 as an IS was simple and accurate. The external standard method could be considered in case the Cu was contained in the samples.
There have been very few reports concerning the LAS levels in biological samples. In this study, the concentrations of LAS in blood after oral ingestion in rats were quantified for a small amount of samples using the present method. The relative low concentrations in rat blood (Table VI) could indicate the slow or low absorption through the alimentary tract or quick metabolite elimination, because the rats looked a little slow at the first period of about 30 min, then they seemed to be quite normal after the LAS ingestion. One rat, which died at 1 h postadministration, had a little higher blood concentration compared with the other three rats. It was thought to die of respiratory collapse. These results are corresponding to our previous studies on the cationic surfactant (18) . However, the degree of toxicity is not addressed by the data obtained from the animal experiment. A further study is needed to evaluate the toxicity of LAS internal ingestion.
Conclusions
A simple method for the quantification of LAS in whole blood has been developed using SPE and HPLC separation. The sample was buffered with extraction solution and purified by SPE cartridges. The homologues of LAS could be separated individually. The determination was not disturbed by other components from commercial detergent products and endogenous substances from the whole blood. The method is sensitive and reliable for the determination of LAS in blood samples and could be expected to apply to forensic and clinical specimens.
